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ABSTRACT 

The main goal of this study is studying the improvement the engineering 
properties of soil mass. These properties are shear strength and maximum dry 
density which are effect on the foundations of the structures and their stability. 
The cohesionless soil can be given some cohesion by rearrangement of soil 
particles and decrease the voids between the particles by adding fine particles 
between them and decrease voids and increase the density, then the required 
properties can be improved, the chemical combinations due to the additives can 
also generate new bonded materials give the soil mass a good properties. In this 
study, the effect of different percentages of Bentonite which were added to the 
soil on the engineering properties of soil. The grain size distribution of soil 
sample and the classification of soil was (sandy poorly graded) according to 
the Unified Soil Classification. The compaction test was made for (2.5, 5, 7.5, 
10)% of Bentonite. The direct shear test was made on the soil sample also for 
the same percentages and the shear strength parameters (C & 0) were changed. 
Adding 7.5% of Bentonite to the poorly graded sandy soil gives better results 
than other percentages used in the present study. 
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LIST OF SY] 

MBOLES:- 

Symbol 

Title 

C 

Cohesion 

0 

Angle of internal friction 

Dio, D305D60 

Diameter of particles finer than (10,30,60)% respectively 

Cu 

Coefficient of uniformity 

Cc 

Coefficient of curvature 

P. Y 

Bulk density and unit weight of soil respectively 

g 

Gravitational constant 

w 

Moisture or water content 

Ms 

Mass of solid particles of soil 

Mt 

Total mass of solids 

Vt 

Total volume of soil 

N 

Normal force 
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1. INTRODUCTION 

1.1 Bentonite 

Bentonite is the name given to the practical form of the clay mineral 
Monotmorillonite. Most Bentonite deposits are formed by the alteration of volcanic 
ash, mainly in damp or wet conditions, or by decomposition of primary rocks in 
water. The color of Bentonite deposits varies and may be white, yellow, blue, brown, 
yellow-green, etc., according to location. The name is derived from the Front Benton 
rock deposits in Wyoming where large deposits of natural sodium Bentonite were 
reported in 1896 and found wide application in the oil-well drilling industry from 
about 1929. (Hutchinson, Daw, Shotton and James (1975)). 

1.2 Soil classification 

Soil classification enables the engineer to assign a soil to one of limited number of 
groups, based on the material properties and characteristics of the soil. The 
classification groups are then used as a system of reference for soils. Soil can be 
classified in the field or in the laboratory. Field technique is usually based upon visual 
recognition. Laboratory technique include several specialized tests. In this work the 
(Unified Soil Classification) was adopted to classify the soil sample used in the 
present study. (G. N. Smith, (1998)). 

1.3 Shear Strength of Soil 

The property that enables a material to remain in equilibrium when its surface is 
not level is known as its shear strength. Soils in liquid form have virtually no shear 
strengths of relatively small magnitudes compared with those exhibited by steel or 
concrete. The direct shear test were used to find shear strength parameters of soil used 
in this work ( C and 0 ). 

1.4 Compaction Test 

In 1933, R. R. Proctor showed that the dry density of a soil obtained by a given 
compactive effort depends on the amount of moisture the soil contains during 
compaction. For a given soil and a given compactive effort, there is one moisture 
content called “optimum moisture content” that occurs in a maximum dry Density of 
the soil. Those moisture contents both greater and smaller than the optimum value 
will result in dry density less than the maximum. A typical compaction curve used by 
consultants is shown in figure (1) below. All geotechnical consultants are familiar 
with the Proctor Density procedure. 
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The test methods are also listed with ASTM. Essentially, Sixty years after Proctor, his 
testing procedures are still closely followed, with only minimal refinements. Most 
laboratories have used mechanical compaction devices to replace hand compaction. 
(BrajaM. Das, (1997)) 

2. THE LABORATORY TESTS 


Many laboratory tests were made to the soil sample which was taken from the site 
of al-Forat quarter in al-Najaf city. The tests without Bentonite and with Bentonite 
were made. 

2.1 Tests on soil sample without Bentonite 

1-Soil classification: in order to classify the soil sample the sieve analysis must be 
attended. 

Sieve analysis test: this test was made for a sample of soil weighs 1000 gm after 
drying it in the oven to avoid the volume changes due to the moisture content, the set 
of sieves was used with openings ( 4.75 , 2 , 0.85 , 0.6 , 0.3 , 0.075 )mm and pan in 
the lower of a set. The grain size distribution of the mechanical sieving operation for a 

pnrinrl nf ID mirmtpc ic ctinwn in ficr tit 



0.01 0.1 1 10 

Particle Diameter (mm) 

Fig.(l). Grain size distribution of a sample 
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In order to classify the sample, the following calculations depending on the grain size 
distribution above were made: 

Dgo = 0 .46 , D 30 = 0.2 , Dio = 0.089 

Then, Cu= 5.168 , C= 0.977 

UNIFIED CLASSIFICATION SYSTEM 

RETAIND ON NO.200 SIEVE = 100% - 5.88 % = 94.22 %>50% 

COARSE - GRAIND SOLIDS 
PASSES NO. 4 SIEVE = 99.5%> 50% 

► SAND. Cu = 5.168 < 6 

Cc = 0.977 < 1 p, sp (sandy poorly graded) 

2-Modified Proctor test: 

Unit Weight 

The unit weight of the sample was calculated by using modified proctor test for 
the moisture ratio of (4 , 8 , 12 , 16)% from the weight of the sample and the relation 
between the dry unit weight and moisture content after test are shown in fig. ( 2 ) 
below. Maximum dry density was founded as 1.877 gm/cm , and optimum moisture 
content as 10.5 percent. 



4 6 8 10 12 14 16 18 

moisture content % 

Fig.(2). Relationship between moisture content and dry density without Bentonite 
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3- Direct shear test: 

The oldest form of shear test upon soil is the direct shear test. The direct shear 
device lacks a number of features that limit is applicability. For example, there is no 
way to control the confining pressure. Also, since there is no way to measure excess 
pore water pressures generated during shearing of saturated clay specimens, use of the 
direct shear test is generally limited to cohesionless soils or when the soil has a low 
cohesion such as the soil used in this work which is classified as a (sandy poorly 
graded). In the most cases computer plots a graph of the shearing force and strain as 
the test continuous. Failure of the soil is visually apparent from a turning point in the 
graph. Fig. (3) shows the direct shear test which was made on the soil sample without 
Bentonite. The peak point of shear stress failure are very clear. 

Fig. (4) shows that the soil sample has a low value of cohesion due to the amount 
of the particles passes from sieve No. 200, this value of cohesion can be observed from 
the intersection the line with the y-axis as 

Y= 1.4096 X + 0.0689 ,At X=0.0 , Y= 6.89 kPa which is represent the value of 
cohesion (C). 

The value of angle of internal friction (0 ) can be founded from the slope of the line 
as:- 


Derivative of Y = 1.4096 which is represent tan '0 , then the value of angle of 
internal friction (0) =54.65 



Fig.(3). Relationship between shear stress and horizontal displacement without Bentonite 
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Fig.(4). Relationship between normal stress and shear stress without Bentonite 


2.2 Tests on soil sample with Bentonite 

In this part the tests were made for the soil sample with different percent of 
Bentonite to study the effect of using the Bentonite as an improving material for the 
soil which has a low density and low shear strength to adding more suitable properties 
to resist the load applied on the soil. 

1-Modified Proctor test: 

The modified proctor test was made on the sample with different percentages of 
Bentonite these percentages are ( 2.5, 5, 7.5,10 

Fig. (5) shows the dry density and moisture content relationship for the above 
percentages of Bentonite as well as without Bentonite to recognize the difference in 
the dry density with and without Bentonite. From this figure can be seen also that the 
increasing in the Bentonite content as percent of soil mass increase the maximum dry 
density, then the soil can be more suitable to construct the structures on it. The 
increasing in dry density after 7.5% of Bentonite is very little, then can be say the 
percent 7.5 is the better percentages of Bentonite to be added to the poorly graded 
sand increase the dry density. 
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Percent of Bentonite 

Fig.(7). Relationship between percent of Bentonite and cohesion 



Percent of Bentonite 

Fig.(8). Relationship between percent of Bentonite and angle of internal friction 
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From the results shown in fig. (6), can be concluded: 

Increasing the percentages of Bentonite in the soil samples, the cohesion increases 
and the angle of internal friction decreases with a small amount, because the 
properties of Bentonite give the soil the behavior of clay minerals which are fill in the 
voids of sandy soil and increase the cohesion of soil. 

Fig. (7) shows the relation between percentage of Bentonite and the cohesion of 
soil ( C ) relationship. Increasing in the cohesion due to the increase in Bentonite is 
very clear. Fig. (8) shows the relation between percentage of Bentonite and angle of 
internal friction. The difference in angle of internal friction (0 ) is very low after the 
percent of Bentonite 7.5%. 

From these figures can be concluded that the ideal percent of Bentonite may be used 
is 7.5%. 

CONCLUSIONS 

1- The density or unit weight of the soil can be increased by the rearrangement of 
the soil particles by the mechanical effort using the compaction and fine soil 
particles such as Bentonite to fill the voids in the poorly graded sandy soil. 

2- The cohesion of the sandy soil can be improved by using the Bentonite as a 
percentage of soil mass. 

3- The plasticity of the soil can be improved by using the Bentonite. 

4- The increasing in the percent of Bentonite from 2.5% to 7.5%, the cohesion 
( C ) of soil increases. 

5- The value of angle of internal friction (0 ) don’t appear a real effect by 
increasing of Bentonite. (0 ) decrease with a small amount with increasing of 
Bentonite. 

6- Adding 7.5% of Bentonite to the poorly graded sandy soil gives better results 
than other ratios used in the present study, i.e increasing (C) and decreasing 
( 0 ). 
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